14C labeled thylakoid membranes of Viciafaba chloroplasts were separated by one-dimensional electrophoresis in gel cuvettes of different length using a 12 -18% polyacrylamide gradient gel system containing 0.1% sodiumodecylsulfate and 6 m urea. The use of gels with a length of 22 cm and 60 cm led to the detection of about 40 and 80 polypeptide bands, respectively, after dye staining and 50 and more than 100 polypeptide bands, respectively, after autoradiography. The conditions used strongly denaturate chlorophyll proteins and avoid the formation of different polypeptide conformations. Polypeptides differing in were separated in sharp bands.
Introduction
SD S 2 polyacrylam ide gel electrophoresis has been intensively used to analyse the polypeptide com po n en ts o f intact as well as of functionally deficient ch lo ro p last thylakoid m em branes of higher plants an d g reen algae. U sing one-dim ensional gradient gels w ith a length up to 30 cm and dye staining of the p o ly p ep tid es, S D S -polypeptide extracts w ere sepa ra te d in m axim al 50 polypeptide bands [1, 2] , T he n u m b e r o f co m ponents sep arated has been increased to ab o u t 80 bands by tw o-dim ensional elec tro p h o resis including isoelectric focusing [3, 4] , H ow ev er, th e la tte r technique often led to the separation of m ultiple m olecular form s of pure proteins du e to chem ical and conform ational m icroheterogeneities [5] . T his increases the n um ber of polypeptide spots, w hich m ust be sep arate d and is undesirable in m any cases.
B esides this problem one-dim ensional elec tro ph o resis has som e fu rth e r advantages over twoAbbreviations: Chla-AP 1, chlorophyll a -apoprotein 1 (nomeclature of chlorophyll-proteins according to Machold et al. [8] ; CF,, coupling factor; C y t/, cytochrome/; LHC, light-harvesting complex; PI, proteolipid; RuBPC, ribulose-l,5-bisphosphate-carboxylase; SDS, sodium dodecyl sulfate.
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Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0341-0382/85/0009-0705 $01.30/0 molecular mass from about 3000 to 70000 dim ensional sep aratio n s concerning reproducibility and expense. In the p rese n t ex p erim en t an attem p t is m ade to im prove its resolving pow er. This has been achieved using gels w ith a length up to 60 cm and a polyacrylam ide gel system containing 6 m u rea, know n to d e n a tu ra te p o ly p ep tid e oligom ers co m pletely including th e chlorophyll p ro tein s [6] , T h e results o b ta in ed w ere co m p ared w ith results o f usual 22 cm -gradient gels. In o rd er to estim ate the ap p a ren t m olecular mass of m em brane polypeptides the follow ing sta n d ard proteins w ere co -electrophoresed: bovine serum album ine (68000), catalase (60000), ovalbum ine (45000), aldolase (40000), chym otrypsinogen A (25000), m yoglobin (17000), and cytochrom e c (12400).
Material and Methods
T he gels w ere fixed in a solution of m ethanol/acetic acid/w ater = 5/1/5 (v/v/v), stained in C oom assie b ril liant blue G 250 (0.1% in fixative) and d estained in 7% acetic acid. Follow ing incubation in a m ixture of glycerol, m ethanol acetic acid and w ater (1,5:2:1:15) the gels w ere dessiccated and the labeled p rotein s visualized by au to rad io g rap h y on H S 11 X -ray sensi tive film (V E B Fotochem ische W erk e, B erlin). T he absorbance of films was scanned w ith a Zeiss-S ch nellphotom eter III (V E B C arl Z eiss, Jen a).
Polyacrylam ide gel electrophoresis
Tw o different slab gel ap p aratu s m odified acco rd ing to S tudier [7] w ere used. T he dim ension of the 24 cm gel cuvette was 240 x 200 x 0.8 mm and of th e 62 cm cuvette was 620 x 250 x 0.8 m m . C ooling of the gels was achieved by con stan t stirring of th e low er reservoir buffer.
Polyacrylam ide gel electro p h o resis was p erfo rm ed using a buffer system , previously te rm ed system III by M achold et al. [8] : U p p er reservoir buffer: 0.056 m bo rate -H C l, pH 8.0, 0.1 % SDS. (Fig. l a ) . T he a u to ra d io gram of the sam e gel (Fig. 1 b) show s about 50 bands indicating a higher sensitivity of au to ra d io g rap h y co m p ared w ith dye staining. Som e of the p o ly p e p tides se p arated in the gel system used have b een p re viously identified functionally as show n in Fig. 1, i. e. chlorophyll proteins [8] , A T P synthase subunits, cytochrom e / and R u b P carboxylase subunits [9] . Since it could not be excluded th a t p o lypeptides w ere superim posed by o th e r ones after sep aratio n in 22 cm -gels, thylakoid m em brane polypeptides w ere se p arate d in 60 cm -gels (Fig. 2) . C om p ared w ith the results o btain ed w ith the 22 cm -gels the reso lu tio n of p olypeptides becam e highly im proved in all regions of th e 60 cm-gel. Follow ing dye staining ab o u t 60 p o lypeptide bands w ere visible.
A u to rad io g rap h y of this gel follow ing desiccation led to the detection of additional bands. 104 ones, unam biguously perceptible on th e reduced scale of length of photo g rap h y and d ensitogram show n in (Fig. 3a) and of the coupling factor C F, (Fig. 3 b ) . C o m p ared w ith the results of 22 cm-gels betw een the a -su b u n it (n u m b er 4) and the ß-subunit (n u m b er 7) of C F , at least th ree additional polypeptides (num ber 4 a , 5, 6) Table I . Apparent molecular weight of functionally iden tified polypeptides in 60 cm-gels. 
Discussion
P olyacrylam ide gel electrophoresis is a wide used m e th o d to se p arate thylakoid m em brane proteins. O riginally, using 10 cm hom ogeneous rod gels T h o rn b e r et al. [10] se p arated SD S-solubilized th y l akoid m em b ran es into ab o u t 15 polypeptide bands. L a te r on the resolution of one-dim ensional elec tro p h o resis was considerably im proved by applying of polyacrylam ide g radient gels w ith length up to 30 cm [2, 11] . A fte r dye staining m axim al 50 highly focused p o lypeptide bands w ere visible [1] . Since in these gels the distance betw een m ost of the poly p ep tide bands is very sm all the use of radioactive labeled polypeptides com bined w ith sensitive au to ra d io g ra phy led to som e im provem ent only [12] , as show n again in the p rese n t pap er. H ow ever, a really im proved se p aratio n of com plex p olypeptide m ixtures can be achieved by fu rth e r increase of th e gel length. A ccording to R o d b a rd et al. [13] the resolution of electro p h o retical gel system s increases p ro p o rtio n a l ly to V T (/ = p ath length) an d V~7~ (t = d u ratio n of electro p h o resis), respectively, which m eans th a t the resolution sh o u ld be d o u b led w hen th e p ath length increases fo u rfo ld . This is in good ag reem en t w ith the findings p re se n te d h ere. T hylakoid polypeptides w ere se p a ra te d on 22 cm-an d 60 cm -gels into ab o u t 50 and 120 co m p o n en ts, respectively, as detectab le after au to rad io g rap h y .
T he p o ly p ep tid e bands fo u n d in th e 22 cm-and 60 cm -gels re p re se n t d ifferen t polypeptide species an d , as far as know n, no aggregates. U re a pro m o tes the d en a tu ratio n of p o ly p ep tid es during elec tro phoresis [15, 14] , T h e re fo re , the use of 6 m urea leads to the d en a tu ratio n o f all chlorophyll-proteincom plexes an d avoids th e fo rm atio n of aggregates and m ultiple b an d s of h o m o g en eo u s p ro tein s, which ap p ear in o th e r gel system s [6] , T h erefo re, the 60 cm-gel system , p rese n ted h ere , is well suitable to analyse com plex p o ly p ep tid e m ixtures. C ertainly, it can n ot be excluded th a t inspite of the high efficiency som e polypeptides se p a ra te d by this m eth o d still may be superim posed. R ecently the im proved m ethod was used to estim ate th e subunit stoichiom etry of the chloroplast A T P synthase com plex (CF] -C F 0) in thylakoid m em branes o f Vicia fa b a L. [12] .
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